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MATCHING OPTICAL METROLOGY TOOLS 
USING DIFFRACTION SIGNALS 

BACKGROUND 

1. Field 
The present application generally relates to optical metrol 

ogy, and, more particularly, matching a plurality of optical 
metrology tools used for determining the pro?le of a structure 
formed on a semiconductor Wafer. 

2. Description of the Related Art 
Optical metrology involves directing an incident beam at a 

structure, measuring the resulting diffracted beam, and ana 
lyZing the diffracted beam to determine a feature of the struc 
ture. In semiconductor manufacturing, optical metrology is 
typically used for quality assurance. For example, after fab 
ricating a structure on a semi-conductor Wafer an optical 
metrology tool is used to determine the pro?le of the struc 
ture. By determining the pro?le of the structure, the quality of 
the fabrication process utiliZed to form the structure can be 
evaluated. 
As a result of the broad adoption of optical metrology, one 

fabrication facility or site Where microelectronics are manu 
factured typically has multiple optical metrology tools in a 
?eet Whose results are used someWhat interchangeably. In 
these cases, it is desirable that the instruments in the ?eet 
match one another. In the ideal case, if the instruments Were 
identical, their measurements Would match to some uncer 
tainty determined by measurement noise. HoWever, optical 
metrology tools shoW deterministic differences, Where the 
difference betWeen the measurements is greater than the 
uncertainties of the measurement. One approach to improve 
matching is to carefully calibrate the tools, so that the optical 
characteristics measured by tools are as similar as possible, 
even if the details of each of the tools construction dictate that 
the detected intensities on the same sample are different. In 
some sense, this is the goal of calibration. 

Calibration is typically done With calibration structures, 
With the intention that the calibration Will remain valid for 
measurements on various application structures. Often cali 
bration structures are one or more thicknesses of an oxide on 

a silicon substrate. Application structures can be very differ 
ent than these simple calibration structures. In a fabrication 
facility, one application structure can be resist on top of a 
stack of layers for the formation of transistor gates after it has 
been exposed and developed, in order to examine the effects 
of adjusting, e.g., focus and dose on the exposure tool. 
Another application structure can be shalloW isolation 
trenches in a silicon substrate. In general, the optical charac 
teristics of these application structures can be substantially 
different from one another, and from the optical characteris 
tics employed in calibration, Which is ideally intended to be 
valid for all structures. 

HoWever, even after the optical metrology tools in a ?eet 
have been calibrated, their optical characteristics, and subse 
quently their ?t parameters, can differ. Such differences can 
be an issue for the control of processes in the fabrication 
facility. Accordingly, it is desirable to compensate for varia 
tions in the optical characteristics of optical metrology tools 
for a given application. 

SUMMARY 

In one exemplary embodiment, optical metrology tools in 
a ?eet of optical metrology tools can be matched using trans 
forms. In particular, a ?rst set of measured diffraction signals 
is obtained. The ?rst set of measured diffraction signals Was 
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2 
measured using a ?rst optical metrology tool from the ?eet of 
optical metrology tools. A second set of measured diffraction 
signals is obtained. The second set of diffraction signals Was 
measured using a second optical metrology tool from the ?eet 
of optical metrology tools. A reference diffraction signal is 
obtained. A ?rst transform is generated based on the ?rst set 
of measured diffraction signals and the reference diffraction 
signal. A second transform is generated based on the second 
set of measured diffraction signals and the reference diffrac 
tion signal. 

DESCRIPTION OF THE DRAWING FIGURES 

The present application can be best understood by refer 
ence to the folloWing description taken in conjunction With 
the accompanying draWing ?gures, in Which like parts may be 
referred to by like numerals: 

FIG. 1 depicts an exemplary optical metrology system; 
FIGS. 2A-2E depict exemplary hypothetical pro?les; 
FIG. 3 depicts an exemplary process of matching optical 

metrology tools; 
FIG. 4 depicts an exemplary ?eet of optical metrology 

tools; 
FIG. 5 depicts another exemplary process of matching 

optical metrology tools; and 
FIG. 6 depicts another exemplary process of matching 

optical metrology tools. 

DETAILED DESCRIPTION 

The folloWing description sets forth numerous speci?c 
con?gurations, parameters, and the like. It should be recog 
niZed, hoWever, that such description is not intended as a 
limitation on the scope of the present invention, but is instead 
provided as a description of exemplary embodiments. 

1. Optical Metrology Tools 
With reference to FIG. 1, an optical metrology system 100 

can be used to examine and analyZe a structure formed on a 
semiconductor Wafer 104. For example, optical metrology 
system 100 can be used to determine one or more features of 
a periodic grating 102 formed on Wafer 104. As described 
earlier, periodic grating 102 can be formed in a test pad on 
Wafer 104, such as adjacent to a die formed on Wafer 104. 
Periodic grating 102 can be formed in a scribe line and/or an 
area of the die that does not interfere With the operation of the 
die. 
As depicted in FIG. 1, optical metrology system 100 can 

include a photometric device With a source 106 and a detector 
112. Periodic grating 102 is illuminated by an incident beam 
108 from source 106. The incident beam 108 is directed onto 
periodic grating 102 at an angle of incidence 61- With respect to 
normal 5 of periodic grating 102 and an azimuth angle (I) (i.e., 
the angle betWeen the plane of incidence beam 108 and the 
direction of the periodicity of periodic grating 102). Dif 
fracted beam 110 leaves at an angle of ed with respect to 
normal and is received by detector 112. Detector 112 converts 
the diffracted beam 110 into a measured diffraction signal, 
Which can include re?ectance, tanCP), cos(A), Fourier coef 
?cients, and the like. Although a Zero-order diffraction signal 
is depicted in FIG. 1, it should be recogniZed that non-Zero 
orders can also be used. For example, see Ausschnitt, Chris 
topher P., “A NeW Approach to Pattern Metrology,” Proc. 
SPIE 5375-7, Feb. 23, 2004, pp l-l5, Which is incorporated 
herein by reference in its entirety. 

Optical metrology system 100 also includes a processing 
module 114 con?gured to receive the measured diffraction 
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signal and analyze the measured diffraction signal. The pro 
cessing module is con?gured to determine one or more fea 
tures of the periodic grating using any number of methods 
Which provide a best matching diffraction signal to the mea 
sured diffraction signal. These methods have been described 
elseWhere and include a library-based process, or a regression 
based process using simulated diffraction signals obtained by 
rigorous coupled Wave analysis and machine learning sys 
tems. 

2. Library-Based Process of Determining Feature of Struc 
ture 

In a library-based process of determining one or more 
features of a structure, the measured diffraction signal is 
compared to a library of simulated diffraction signals. More 
speci?cally, each simulated diffraction signal in the library is 
associated With a hypothetical pro?le of the structure. When 
a match is made betWeen the measured diffraction signal and 
one of the simulated diffraction signals in the library or When 
the difference of the measured diffraction signal and one of 
the simulated diffraction signals is Within a preset or match 
ing criterion, the hypothetical pro?le associated With the 
matching simulated diffraction signal is presumed to repre 
sent the actual pro?le of the structure. The matching simu 
lated diffraction signal and/ or hypothetical pro?le can then be 
utilized to determine Whether the structure has been fabri 
cated according to speci?cations. 

Thus, With reference again to FIG. 1, in one exemplary 
embodiment, after obtaining a measured diffraction signal, 
processing module 114 then compares the measured diffrac 
tion signal to simulated diffraction signals stored in a library 
116. Each simulated diffraction signal in library 116 can be 
associated With a hypothetical pro?le. Thus, When a match is 
made betWeen the measured diffraction signal and one of the 
simulated diffraction signals in library 116, the hypothetical 
pro?le associated With the matching simulated diffraction 
signal can be presumed to represent the actual pro?le of 
periodic grating 102. 

The set of hypothetical pro?les stored in library 116 can be 
generated by characterizing a hypothetical pro?le model 
using a set of pro?le parameters, then varying the set of pro?le 
parameters to generate hypothetical pro?les of varying 
shapes and dimensions. The process of characterizing a pro 
?le using a set of pro?le parameters can be referred to as 
parameterizing. 

For example, as depicted in FIG. 2A, assume that hypo 
thetical pro?le 200 can be characterized by pro?le parameters 
h1 and W1 that de?ne its height and Width, respectively. As 
depicted in FIGS. 2B to 2E, additional shapes and features of 
hypothetical pro?le 200 can be characterized by increasing 
the number of pro?le parameters. For example, as depicted in 
FIG. 2B, hypothetical pro?le 200 can be characterized by 
pro?le parameters h1, W1, and W2 that de?ne its height, 
bottom Width, and top Width, respectively. Note that the Width 
of hypothetical pro?le 200 can be referred to as the critical 
dimension (CD). For example, in FIG. 2B, pro?le parameter 
W1 and W2 canbe described as de?ning the bottom CD (BCD) 
and top CD (TCD), respectively, of hypothetical pro?le 200. 
As described above, the set of hypothetical pro?les stored 

in library 116 (FIG. 1) can be generated by varying the pro?le 
parameters that characterize the hypothetical pro?le model. 
For example, With reference to FIG. 2B, by varying pro?le 
parameters h1, W1, and W2, hypothetical pro?les of varying 
shapes and dimensions can be generated. Note that one, tWo, 
or all three pro?le parameters can be varied relative to one 
another. 
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4 
With reference again to FIG. 1, the number of hypothetical 

pro?les and corresponding simulated diffraction signals in 
the set of hypothetical pro?les and simulated diffraction sig 
nals stored in library 116 (i.e., the resolution and/or range of 
library 116) depends, in part, on the range over Which the set 
of pro?le parameters and the increment at Which the set of 
pro?le parameters are varied. The hypothetical pro?les and 
the simulated diffraction signals stored in library 116 are 
generated prior to obtaining a measured diffraction signal 
from an actual structure. Thus, the range and increment (i.e., 
the range and resolution) used in generating library 116 can 
be selected based on familiarity With the fabrication process 
for a structure and What the range of variance is likely to be. 
The range and/or resolution of library 116 can also be selected 
based on empirical measures, such as measurements using 
AFM, X-SEM, and the like. 

For a more detailed description of a library-based process, 
see US. patent application Ser. No. 09/907,488, titled GEN 
ERATION OF A LIBRARY OF PERIODIC GRATING DIF 
FRACTION SIGNALS, ?led on Jul. 16, 2001 , Which is incor 
porated herein by reference in its entirety. 

3. Regression-Based Process of Determining Feature of 
Structure 

In a regression-based process of determining one or more 
features of a structure, the measured diffraction signal is 
compared to a simulated diffraction signal (i.e., a trial diffrac 
tion signal). The simulated diffraction signal is generated 
prior to the comparison using a set of pro?le parameters (i.e., 
trial pro?le parameters) for a hypothetical pro?le. If the mea 
sured diffraction signal and the simulated diffraction signal 
do not match or When the difference of the measured diffrac 
tion signal and one of the simulated diffraction signals is not 
Within a preset or matching criterion, another simulated dif 
fraction signal is generated using another set of pro?le param 
eters for another hypothetical pro?le, then the measured dif 
fraction signal and the neWly generated simulated diffraction 
signal are compared. When the measured diffraction signal 
and the simulated diffraction signal match or When the dif 
ference of the measured diffraction signal and one of the 
simulated diffraction signals is Within a preset or matching 
criterion, the hypothetical pro?le associated With the match 
ing simulated diffraction signal is presumed to represent the 
actual pro?le of the structure. The matching simulated dif 
fraction signal and/ or hypothetical pro?le can then be utilized 
to determine Whether the structure has been fabricated 
according to speci?cations. 

Thus, With reference again to FIG. 1, the processing mod 
ule 114 can generate a simulated diffraction signal for a 
hypothetical pro?le, and then compare the measured diffrac 
tion signal to the simulated diffraction signal. As described 
above, if the measured diffraction signal and the simulated 
diffraction signal do not match or When the difference of the 
measured diffraction signal and one of the simulated diffrac 
tion signals is not Within a preset or matching criterion, then 
processing module 114 can iteratively generate another simu 
lated diffraction signal for another hypothetical pro?le. The 
subsequently generated simulated diffraction signal can be 
generated using an optimization algorithm, such as global 
optimization techniques, Which includes simulated anneal 
ing, and local optimization techniques, Which includes steep 
est descent algorithm. 
The simulated diffraction signals and hypothetical pro?les 

can be stored in a library 116 (i.e., a dynamic library). The 
simulated diffraction signals and hypothetical pro?les stored 
in library 116 can then be subsequently used in matching the 
measured diffraction signal. 



US 7,446,888 B2 
5 

For a more detailed description of a regression-based pro 
cess, see US. patent application Ser. No. 09/923,578, titled 
METHOD AND SYSTEM OF DYNAMIC LEARNING 
THROUGH A REGRESSION-BASED LIBRARY GEN 
ERATION PROCESS, ?led on Aug. 6, 2001, Which is incor 
porated herein by reference in its entirety. 

4. Rigorous Coupled Wave Analysis 
As described above, simulated diffraction signals are gen 

erated to be compared to measured diffraction signals. As Will 
be described beloW the simulated diffraction signals can be 
generated by applying MaxWell’s equations and using a 
numerical analysis technique to solve MaxWell’ s equations. It 
should be noted, hoWever, that various numerical analysis 
techniques, including variations of RCWA, can be used. 

In general, RCWA involves dividing a hypothetical pro?le 
into a number of sections, slices, or slabs (hereafter simply 
referred to as sections). For each section of the hypothetical 
pro?le, a system of coupled differential equations generated 
using a Fourier expansion of MaxWell’s equations (i.e., the 
components of the electromagnetic ?eld andpermittivity (6)). 
The system of differential equations is then solved using a 
diagonaliZation procedure that involves eigenvalue and 
eigenvector decomposition (i.e., Eigen-decomposition) of the 
characteristic matrix of the related differential equation sys 
tem. Finally, the solutions for each section of the hypothetical 
pro?le are coupled using a recursive-coupling schema, such 
as a scattering matrix approach. For a description of a scat 
tering matrix approach, see Lifeng Li, “Formulation and 
comparison of tWo recursive matrix algorithms for modeling 
layered diffraction gratings,” J. Opt. Soc. Am. A13, pp 1024 
1035 (1996), Which is incorporated herein by reference in its 
entirety. For a more detail description of RCWA, see US. 
patent application Ser. No. 09/770,997, titled CACHING OF 
INTRA-LAYER CALCULATIONS FOR RAPID RIGOR 
OUS COUPLED-WAVE ANALYSES, ?led on Jan. 25, 2001, 
Which is incorporated herein by reference in its entirety. 

5. Machine Learning Systems 
The simulated diffraction signals can be generated using a 

machine learning system (MLS) employing a machine leam 
ing algorithm, such as back-propagation, radial basis func 
tion, support vector, kernel regression, and the like. For a 
more detailed description of machine learning systems and 
algorithms, see “Neural Networks” by Simon Haykin, Pren 
tice Hall, 1999, Which is incorporated herein by reference in 
its entirety. See also US. patent application Ser. No. 10/608, 
300, titled OPTICAL METROLOGY OF STRUCTURES 
FORMED ON SEMICONDUCTOR WAFERS USING 
MACHINE LEARNING SYSTEMS, ?led on Jun. 27, 2003, 
Which is incorporated herein by reference in its entirety. 

In one exemplary embodiment, the simulated diffraction 
signals in a library of diffraction signals, such as library 116 
(FIG. 1), used in a library-based process are generated using 
a MLS. For example, a set of hypothetical pro?les can be 
provided as inputs to the MLS to produce a set of simulated 
diffraction signals as outputs from the MLS. The set of hypo 
thetical pro?les and set of simulated diffraction signals are 
stored in the library. 

In another exemplary embodiment, the simulated diffrac 
tions used in regression-based process are generated using a 
MLS, such as MLS 118 (FIG. 1). For example, an initial 
hypothetical pro?le can be provided as an input to the MLS to 
produce an initial simulated diffraction signal as an output 
from the MLS. If the initial simulated diffraction signal does 
not match the measured diffraction signal, another hypotheti 
cal pro?le can be provided as an additional input to the MLS 
to produce another simulated diffraction signal. 

FIG. 1 depicts processing module 114 having both a library 
116 and MLS 118. It should be recogniZed, hoWever, that 
processing module 114 can have either library 116 or MLS 
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6 
118 rather than both. For example, if processing module 114 
only uses a library-based process, MLS 118 can be omitted. 
Alternatively, if processing module 114 only uses a regres 
sion-based process, library 116 can be omitted. Note, hoW 
ever, a regression-based process can include storing hypo 
thetical pro?les and simulated diffraction signals generated 
during the regression process in a library, such as library 116. 

6. Matching Optical Metrology Tools 
As described above, optical metrology tools in a ?eet can 

be calibrated. HoWever, even after calibration, variations in 
optical characteristics of the optical metrology tools in the 
?eet can produce variations in the results obtained using the 
optical metrology tools. 

Thus, in one exemplary embodiment, the optical metrol 
ogy tools in the ?eet are matched using transforms. In par 
ticular, With reference to FIG. 3, an exemplary process 300 is 
depicted of matching optical metrology tools in a ?eet of 
optical metrology tools using transforms of hypothetical pro 
?les. 

In step 302, a plurality of hypothetical pro?les of one or 
more structures is obtained. The hypothetical pro?les 
obtained in step 302 Were determined based on measured 
diffraction signals measured using the optical metrology 
tools in the ?eet. In particular, a plurality of measured diffrac 
tion signals are measured off the one or more structures using 
the optical metrology tools in the ?eet. As described above, 
best matching hypothetical pro?les of the measured diffrac 
tion signals can be determined using a library-based process 
or a regression-based process. The hypothetical pro?les 
obtained in step 302 are the best matching hypothetical pro 
?les of the measured diffraction signals. 

For example, FIG. 4 depicts an exemplary ?eet 400 having 
a ?rst optical metrology tool 402 and a second optical metrol 
ogy tool 404. A ?rst set of measured diffraction signals is 
measured using ?rst optical metrology tool 402. A second set 
of measured diffraction signals is measured using second 
optical metrology tool 404. A ?rst set of hypothetical pro?les 
is determined as the best matching hypothetical pro?les for 
the ?rst set of measured diffraction signals. A second set of 
hypothetical pro?les is determined as the best matching 
hypothetical pro?les for the second set of measured diffrac 
tion signals. As also depicted in FIG. 4, processing module 
114 can obtain the ?rst and second sets of hypothetical pro 
?les determined using ?rst optical metrology tool 402 and 
second optical metrology tool 404, respectively. It should be 
recogniZed that ?eet 400 can include any number of optical 
metrology tools, and any number of hypothetical pro?les can 
be obtained from any number of optical metrology tools. 

With reference again to FIG. 3, in step 304, a reference 
pro?le is obtained. In one exemplary embodiment, one of the 
optical metrology tools in the ?eet can be selected as a refer 
ence tool. The hypothetical pro?le obtained from the refer 
ence tool can then be selected as the reference pro?le. In 
another exemplary embodiment, the reference pro?le can be 
obtained from measurements by a metrology tool that is not 
an optical metrology tool, such as CDs measured using a CD 
scanning electron microscopy. In another exemplary embodi 
ment, the reference pro?le can be obtained by averaging the 
hypothetical pro?les obtained in step 302. 

For example, With reference again to FIG. 4, assume the 
hypothetical pro?les in the ?rst set of hypothetical pro?les 
determined by ?rst optical metrology tool 402 are de?ned by 
pro?le parameters hl and W 1 . Assume also that the hypotheti 
cal pro?les in the second set of hypothetical pro?les deter 
mined by second optical metrology tool 404 are de?ned by 
pro?le parameters h2 and W2. In the present example, the 
reference pro?les can be obtained by averaging the pro?le 
parameters of the ?rst and second sets of hypothetical pro 
?les. In particular, a reference height h, of the reference pro 
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?le can be obtained by averaging hl and h2. A reference Width 
W, of the reference pro?le can be obtained by averaging W l 
and W2. 

With reference again to FIG. 3, in step 306, a plurality of 
transforms is generated based on the plurality of hypothetical 
pro?les obtained in step 302 and the reference pro?le 
obtained in step 304. For example, With reference to FIG. 4, a 
?rst transform can be generated based on the ?rst set of 
hypothetical pro?les, Which Was determined using ?rst opti 
cal metrology tool 402, and the reference pro?le. A second 
transform can be generated based on the second set of hypo 
thetical pro?les, Which Was determined using second optical 
metrology tool 404, and the reference pro?le. 

With reference again to FIG. 3, in one exemplary embodi 
ment, each transform generated in step 306 de?nes a math 
ematical relationship betWeen one of the plurality of hypo 
thetical pro?les obtained in step 302 and the reference pro?le. 
The mathematical relationship can be a constant that scales 
the values of the pro?le parameters of the hypothetical pro 
?les obtained in step 302 to the values of the corresponding 
pro?le parameters of the reference pro?le. In another exem 
plary embodiment, the values of the pro?le parameters of the 
reference pro?le can be a linear combination of the values of 
multiple pro?les parameters of the hypothetical pro?les 
obtained in step 302. 

For example, With reference again to FIG. 4, assume that 
the hypothetical pro?les of the ?rst set of hypothetical pro?les 
are de?ned by pro?le parameters hl and W l . Assume also that 
the hypothetical pro?les of the second set of hypothetical 
pro?les are de?ned by pro?le parameters h2 and W2. For the 
exemplary embodiment When the mathematical relationship 
is scaling by constants (one for each parameter), pro?le 
parameters hl and W1 can be transformed into transformed 
hypothetical pro?le parameters h‘,l and W‘,l by multiplying 
hl and W1 by constants (i.e. h'rl?hlxhl and w'rl?wlxwl), 
Where thl is the constant Which transforms hl and is obtained 
by h,/h1, and tW1 is the constant Which transforms W1 and is 
obtained by dividing W,/Wl. For this example, the pro?le 
parameters h2 and W2 Would also have a set of constants th2 
and tW2 that transforms them, respectively, into the trans 
formed hypothetical pro?le parameters h‘,2 and W',2. 

For the exemplary embodiment When the mathematical 
relationship is a linear combination, the transformed pro?le 
parameters can be de?ned as a linear combination of the 
hypothetical pro?le parameter values hl and W1 (i.e. 
h',l:th11><hl+thl2><Wl and w??wnxw?twnxhl) and h2 and 
W2 (i.e. l1'r2:Ih2l><l12+Ih22><W2 and Wr2:IW2l><W2+IW22><h2). In 
this example, the transform is a matrix 

and operates on the vector 

[31] 
to obtain the vector 

u. b. l’ 
Where * is either a l or a 2 and represents ?rst optical metrol 
ogy tool 402 or second metrology tool 404, respectively. The 
transform 
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can be calculated using standard linear algebra techniques. 
Additionally, other methods such as the pseudo inverse of 
matrices method can be used to calculate the transform as Will 
be discussed beloW. 

With reference again to FIG. 3, in step 308, a plurality of 
hypothetical pro?les is obtained. Similar to the hypothetical 
pro?les obtained in step 302, the hypothetical pro?les 
obtained in step 308 Were determined based on measured 
diffraction signals measured using the optical metrology 
tools in the ?eet. For example, With reference again to FIG. 4, 
a ?rst hypothetical pro?le, Which Was determined using ?rst 
optical metrology tool 402, can be obtained. A second hypo 
thetical pro?le, Which Was determined using second optical 
metrology tool 404, can be obtained. 

It should be recogniZed that the plurality of hypothetical 
pro?les obtained in step 308 can be a subset or the same as the 
plurality of hypothetical pro?les obtained in step 302. For 
example, the ?rst hypothetical pro?le can be one of the hypo 
thetical pro?les in the ?rst set of hypothetical pro?les 
obtained in step 302. Similarly, the second hypothetical pro 
?le can be one of the hypothetical pro?les in the second set of 
hypothetical pro?les obtained in step 302. 

Alternatively, the plurality of hypothetical pro?les 
obtained in step 308 can be different than the plurality of 
hypothetical pro?les obtained in step 302. For example, the 
?rst hypothetical pro?le can be different than the hypothetical 
pro?les in the ?rst set of hypothetical pro?les obtained in step 
302. Similarly, the second hypothetical pro?le can be differ 
ent than the hypothetical pro?les in the second set of hypo 
thetical pro?les obtained in step 302. 

With reference again to FIG. 3, in step 310, the plurality of 
hypothetical pro?les obtained in step 308 is transformed into 
a plurality of transformed hypothetical pro?les using the plu 
rality of transforms generated in step 306. For example, With 
reference again to FIG. 4, the ?rst hypothetical pro?le, Which 
Was determined using ?rst optical metrology tool 402, can be 
transformed into a ?rst transformed hypothetical pro?le using 
the ?rst transform. The second hypothetical pro?le, Which 
Was determined using second optical metrology tool 404, can 
be transformed into a second transformed hypothetical pro?le 
using the second transform. 

With reference again to FIG. 3, it should be recogniZed that 
process 300 can include any number of intervening steps. For 
example, in one exemplary embodiment, after the plurality of 
transforms is generated in step 306, the transforms can be 
stored, for example on a computer-readable medium. Addi 
tionally, associations betWeen the transforms and the optical 
metrology tools canbe stored With the plurality of transforms. 

For example, With reference again to FIG. 4, the ?rst and 
second transforms can be stored in a computer-readable stor 
age medium 408 (e. g., memory, hard disk, etc.) on processing 
module 114 or connected to processing module 114. Addi 
tionally, an association betWeen the ?rst transform and ?rst 
optical metrology tool 402 can be stored With the ?rst trans 
form. Similarly, an association betWeen the second transform 
and second optical metrology tool 404 can be stored With the 
second transform. For example, the ?rst and second trans 
forms and the associations can be stored as part of a library. 

With reference again to FIG. 3, When the plurality of trans 
forms generated in step 306 is stored, the stored transforms 
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can be ?rst retrieved before being used in steps 310. Addi 
tionally, the stored transforms can be retrieved based on the 
association betWeen the transforms and the optical metrology 
tools. 

For example, With reference again to FIG. 4, the ?rst and 
second transforms can be retrieved from computer-readable 
medium 408 . Additionally, the ?rst transform can be retrieved 
from computer-readable medium 408 based on an association 
betWeen the ?rst transform and ?rst optical metrology tool 
402. Similarly, the second transform can be retrieved from 
computer-readable medium 408 based on an association 
betWeen the second transform and second optical metrology 
tool 404. 

With reference again to FIG. 3, in one exemplary embodi 
ment, the transforms generated in step 306 can be associated 
With a particular application, Where an application de?nes 
one or more fabrication processes and process parameters 
used to fabricate the one or more structures. The association 
of the transforms and the application is stored With the trans 
forms. 

Although process 300 is depicted in FIG. 3 as a continuous 
process, it should be recogniZed that sets of steps in process 
300 can be performed separately. For example, steps 302-306 
can be performed separately from steps 308 and 310. Thus, 
steps 302-306 are performed to generate transforms, Which 
can then be stored With the associations of the transforms and 
the optical metrology tools and/or application. Steps 308 and 
310 can be performed separately from steps 302-306 to 
retrieve the transforms and to use the stored transforms to 
transform subsequently obtained hypothetical pro?les deter 
mined by the optical metrology tools in the ?eet. The appro 
priate stored transforms can be retrieved based on the stored 
associations of the transforms and the optical metrology tools 
and/ or application. 
As depicted in FIG. 4, processing module 114 can include 

a processor 406 that is con?gured to control and operate 
processing module 114. In particular, processor 406 can be 
con?gured to perform the steps of exemplary process 300 
(FIG. 3). It shouldbe recognized, hoWever, that processor 406 
can be implemented as a number of hardWare components or 
combination of hardWare and softWare components. 

With reference to FIG. 5, an exemplary process 500 is 
depicted of matching optical metrology tools in a ?eet of 
optical metrology tools using transforms of measured diffrac 
tion signals. 

In step 502, a plurality of measured diffraction signals are 
obtained. The measured diffraction signals obtained in step 
502 Were measured off one or more structures using the 
optical metrology tools in the ?eet. For example, With refer 
ence to FIG. 4, a ?rst set of measured diffraction signals is 
measured using ?rst optical metrology tool 402. A second set 
of measured diffraction signals is measured using second 
optical metrology tool 404. 

With reference again to FIG. 5, in step 504, a reference 
diffraction signal is obtained. In one exemplary embodiment, 
one of the optical metrology tools in the ?eet can be selected 
as a reference tool. The measured diffraction signal measured 
using the reference tool can then be selected as the reference 
diffraction signal. In another exemplary embodiment, the 
reference diffraction signal can be obtained by averaging the 
measured diffraction signals obtained in step 502. 

In step 506, a plurality of transforms is generated based on 
the plurality of measured diffraction signals obtained in step 
502 and the reference diffraction signal obtained in step 504. 
For example, With reference to FIG. 4, a ?rst transform can be 
generated based on the ?rst set of measured diffraction sig 
nals, Which Was measured using ?rst optical metrology tool 
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10 
402, and the reference diffraction signal. A second transform 
can be generated based on the second set of measured diffrac 
tion signals, Which Was measured using second optical 
metrology tool 404, and the reference diffraction signal. 

With reference again to FIG. 5, in step 508, a plurality of 
measured diffraction signals is obtained. Similar to the mea 
sured diffraction signals obtained in step 502, the measured 
diffraction signals obtained in step 508 Were measured using 
the optical metrology tools in the ?eet. For example, With 
reference again to FIG. 4, a ?rst measured diffraction signal, 
Which Was measured using ?rst optical metrology tool 402, 
can be obtained. A second measured diffraction signal, Which 
Was measured using second optical metrology tool 404, can 
be obtained. 

It should be recognized that the ?rst measured diffraction 
signal can be one of the measured diffraction signals in the 
?rst set of measured diffraction signals, and the second mea 
sured diffraction signal can be one of the measured diffraction 
signals in the second set of measured diffraction signals. 
Alternatively, the ?rst measured diffraction signal can be 
different than the measured diffraction signals in the ?rst set 
of measured diffraction signals, and the second measured 
diffraction signal can be different than the measured diffrac 
tion signals in the second set of measured diffraction signals. 

With reference again to FIG. 5, in step 510, the plurality of 
measured diffraction signals obtained in step 508 is trans 
formed into a plurality of transformed diffraction signals 
using the plurality of transforms generated in step 506. For 
example, With reference again to FIG. 4, the ?rst measured 
diffraction signal, Which Was measured using ?rst optical 
metrology tool 402, can be transformed into a ?rst trans 
formed diffraction signal using the ?rst transform. The sec 
ond measured diffraction signal, Which Was measured using 
second optical metrology tool 404, can be transformed into a 
second transformed diffraction signal using the second trans 
form. 

Best matching hypothetical pro?les of the ?rst and second 
transformed diffraction signals can be determined using a 
library-based process or a regression-based process. If the 
?rst and second measured diffraction signals Were measured 
from the same structure, the best matching hypothetical pro 
?les of the ?rst and second transformed diffraction signals 
should be the same, or the difference betWeen the best match 
ing hypothetical pro?les should be reduced. 

With reference to FIG. 6, an exemplary process 600 is 
depicted of matching optical metrology tools in a ?eet of 
optical metrology tools using transforms of measured diffrac 
tion signals and transforms of hypothetical pro?les. Steps 
502-506 of exemplary process 600 are the same as steps 
502-506 of exemplary process 500 (FIG. 5). Thus, the fol 
loWing descriptionbegins With step 602 of exemplary process 
600. 

In step 602, a plurality of hypothetical pro?les is obtained. 
In one exemplary embodiment, the plurality measured dif 
fraction signals obtained in step 602 are transformed into a 
plurality of transformed diffraction signals using the plurality 
of transforms generated in step 506. The plurality of hypo 
thetical pro?les obtained in step 602 can be obtained from this 
plurality of transformed diffraction signals. Alternatively, a 
neW plurality of measured diffraction signals can be obtained 
using the optical metrology tools in the ?eet. The neW plural 
ity of measured diffraction signals are transformed into a 
plurality of transformed diffraction signals using the plurality 
of transforms generated in step 506. The plurality of hypo 
thetical pro?les obtained in step 602 can be obtained from this 
plurality of transformed diffraction signals. The plurality of 
hypothetical pro?les obtained in step 602 can be obtained 
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from the transformed diffraction signals using a library-based 
process or a regression-based process. 

In step 604, a reference pro?le is obtained. In one exem 
plary embodiment, one of the optical metrology tools in the 
?eet can be selected as a reference tool. The hypothetical 
pro?le obtained from the reference tool can then be selected 
as the reference pro?le. In another exemplary embodiment, 
the reference pro?le can be obtained from measurements by a 
metrology tool that is not an optical metrology tool, such as 
CDs measured using a CD-scanning electron microscopy. In 
another exemplary embodiment, the reference pro?le can be 
obtained by averaging the hypothetical pro?les obtained in 
step 604. In still another exemplary embodiment, the refer 
ence pro?le can be determined based on the reference diffrac 
tion signal obtained in step 504. 

In step 606, a plurality of transforms is generated based on 
the plurality of hypothetical pro?les obtained in step 602 and 
the reference pro?le obtained in step 304. Similar to the 
transforms generated in step 306 of exemplary process 300 
(FIG. 3), each one of the plurality of transforms generated in 
step 606 are associated With a particular optical metrology 
tool. For example, a ?rst transform can be associated With ?rst 
optical metrology tool 402, and a second transform can be 
associated With second optical metrology tool 404. 

After transforms are generated in steps 506 and 606, sub 
sequently obtained measured diffraction signals are trans 
formed using the transforms generated in step 506. Hypo 
thetical pro?les are determined for the transformed 
diffraction signals. The hypothetical pro?les are then trans 
formed using the transforms generated in step 606. 

For example, With reference again to FIG. 4, assume a 
subsequent measured diffraction signal is measured using 
?rst optical metrology tool 402. The subsequent measured 
diffraction signal is transformed using one of the transforms 
generated in step 506, Which is associated With ?rst optical 
metrology tool 402. A hypothetical pro?le is determined for 
the transformed diffraction signal. The hypothetical pro?le is 
then transformed using one of the transforms generated in 
step 606, Which is associated With ?rst optical metrology tool 
402. 

The folloWing examples provide more details on the trans 
forms generated in the exemplary processes described above. 
In the folloWing examples, the optical metrology tools are 
assumed to be normal-incidence re?ectometers that detect 
intensities re?ected from a predetermined target on a Wafer as 
a function of Wavelength. Calibration of intensities yield 
re?ectivities (R) as a function of Wavelengths (W), tool (t), and 
sample (s): R(W,t,s)). It should be recogniZed hoWever that 
re?ectivities (R) can be replaced With any other measurement 
parameter (e.g., transmittance, ellipsometric parameters), 
and Wavelengths (W) can be replaced With angle of incidence. 
The structure on the Wafer is assumed to be repeating fea 
tures, With at least one critical lateral dimension “CD” and at 
least one thickness “T”. The measured parameters (P): P(x,t, 
s) are vectors, x, that vary from tool to tool and from sample 
to sample. In a simple case, x:[CD T]', Where “'” indicates the 
transpose operation. 

In one example of performing process 500 (FIG. 5), the 
sample position s 1 can be an instance of the pattern manufac 
tured on a training set of Wafers in different positions on the 
semiconductor Wafer for a particular application al. An appli 
cation as described herein represents formation of a speci?c 
structure on a semiconductor Wafer to be measured. In a 
preferred embodiment, the reference diffraction signal can be 
represented by matrix Rg(Wn,Sl):<R(Wn,I]-,S l)>t, Where <.>t 
signi?es the average of each component of the matrices R(Wn, 
tj,s1) over all the tools t. The transform for a tool and 
application al on a set of sample positions s l is represented by 
the matrix T(Wwtj,a1):Rg(WwS1)*R'A(WWB,S1)*[RA(Wwtj, 
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12 
s1)* R'A(Wn,I]-,Sl)]_l at each Wavelength W”, Where is 
matrix multiplication, and “_l” represents matrix inversion. 

For all the matrices described above the roWs are numbered 
by the ?rst non-unitary index (e.g., “W”) and the columns are 
numbered by the next non-unitary index (e. g., “sl”), and the 
subscript “A” indicates that the bottom of the matrix has been 
augmented by a column of ones. In this case, the transformed 
re?ectance at a Wavelength W” becomes the matrix RT 
(Wn,t-j,sl):T(Wn,9,al)*RAj(Wn,9,s1), Where the subscript “T” 
indicates that the re?ectance has been transformed. 

Transforms derived from augmented matrices are full lin 
ear transforms, With a slope and offset. For transforms of 
measured diffraction signals, hoWever, simpler transforms 
can be used, such as “shift” transforms “Y” and “scale” 
transforms “V”. The shift transform can be calculated as 
Y(Wn,I]-,2ll):<Rg(Wn,Sl)>S—<R(Wn,Ij,Sl)>s, Where <.>S signi 
?es the average of the re?ectance at each Wavelength over all 
the samples, e. g., ?elds on the training set of Wafers. The shift 
transform is applied simply as RI(Wn,t]-,s 1):Y(Wn,I]-,al)+R 
(Wn,I]-,S l). The scale transform is similarly calculated as V(Wn, 
Ij,2ll):<Rg(Wn,Sl)>$]<R(Wn, tj,sl)>s and applied as RT(Wn,'I]-, 
S1):V(Wn,B,a1)*R(Wn,B,Sl). Both the scale and shift 
transforms are computed and applied Wavelength by Wave 
length. It should be recogniZed that some other independent 
variable of the metrology may replace Wavelength, e.g., angle 
of incidence and re?ectance, etc. Thus, transforms Y and V 
are not matrices in the normal sense. Instead, they can be 
treated as simple scalars. 
Any further processing of data from tool on a set of 

samples uses RI(Wn,tj,sl). For example, this could be the 
application of a library-based process for determining the 
features of the measured structures, as described above, and 
Which yields pro?le information for the application a l of the 
set of samples P(X,Ij,Sl):L(W,a1) {RI(Wn,tj,s)}, Where L rep 
resents the application of a library based process. The trans 
forms for each t]. and a l (for the full range of Wavelengths) is 
stored for ongoing use When any tool tj in the ?eet measures a 
sample position in s1, of the application a1, during the manu 
facturing process. 

In one example of performing process 300 (FIG. 3), the 
same set of tools measures the same set of samples for a given 
application except that the signals obtained by the optical 
metrology tools are processed to yield a set of hypothetical 
pro?les P(x,tj,sl) for each tool and for sample positions s1. 
In this embodiment, the reference pro?le parameters are rep 
resented by the matrix P (x,sl):<P(x,t]-,sl)>t. The transform 
for some tool tj and application al is U(x,tj,al):Pg(x,sl)*P'A 
(x,tj,sl)*[PA(x,tj,s1)*P'A(x,tj,sl)]_l . While this is similarto the 
example of the re?ectivity transform T, above, it has several 
differences. One difference is that for the diffraction signal 
transform T, the different values of the Wavelength W are 
treated individually. So there are independent transforms at 
each Wavelength. 

For the current example of a parameter transform, all of the 
values of the ?rst independent variable x are treated simulta 
neously. “A” again indicates that the bottom of the matrix has 
been augmented by a column of ones. So transform U has 
members that can be identi?ed as offsets, linear scaling and 
cross-parameter correlations. In this case, the transformed 
parameters become PU(x,t]-,sl):U(x,tj,al)*PA(x,tj,sl), Where 
the subscript “U” indicates that the parameters have been 
transformed. The parameter transforms for each tool and 
application can be stored for ongoing use When any tool in t 
measures a sample position in sl made by application al 
during the manufacturing process. 
A numerical example of process 300 (FIG. 3) is described 

beloW. In the folloWing example, A(p,sl) is a matrix of the 
reference pro?le parameters values obtained by taking the 
mean of pro?le parameter values for tWo different tools. 
Columns s:l :ns represent sample positions on the semicon 
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ductor Wafer. Rows p:l :np represent the set of hypothetical 
pro?le parameters value for this application. The samples all 
come from different exposure ?elds on a single Wafer. The 
parameters are top critical dimension (TCD), bottom critical 
dimension (BCD), oxide thickness (Oxide) and over-etch 
depth into the Si (Si). The values are in units of nanometers 
(nm). A(pl-,sl-) is given by the following matrix: 

14 

Field roW 

—5 0 5 5 
Field col 

0 0 5 0 —5 —5 5 5 —5 

TCD 189.3 198.1 194.3 193.8 191.9 198.4 198.6 196.5 194.7 
10 BCD 194.5 204.5 199.8 198.6 197.6 205.8 205.1 202.8 203.3 

Oxide 343.4 351.4 344.2 345 337.6 342.4 345.6 344.3 326.7 
Edd row Si 10.9 11.1 12.3 12.2 12.9 12.5 12.8 12.8 12.9 

0 5 0 _5 0 5 5 _5 _5 As can be seem from above, B” is much closer to A than B, 
Edd Col 15 demonstrating that the transform improves matching betWeen 

these tWo tools for this application. The match between B” 
andA is not exact but is a best match in a least squares sense. 

0 0 5 0 ‘5 ‘5 5 5 ‘5 The root-mean-square (RMS) average differences from ref 
erence pro?le parameters A are 0.92 for the original B and 

TCD 189.3 198.2 194.2 193.8 191.9 198.2 198.7 196.5 194.7 20 0.082 for the transformed BM. 

BCD 194.6 204.3 199.6 198.7 197.5 205.9 205.1 202.8 203.3 AS Ones Skilled in the art will appreciate, the reference 

Oxide 343.3 351.4 344.2 345.1 337.6 342.5 345.4 344.3 326.7 dl?jracnon slgnals and/Or refehence pm?lés can be Obtamed In 
I var1ous Ways. The reference diffraction signals and reference 

S1 10'9 11'1 12'3 12'2 12'9 12'6 12'7 12'9 12'9 pro?les, discussed above, Were calculated as means across a 

25 plurality of tools. For a small number of tools, medians might 
_ _ _ be preferable, or any other statistical measure. For example, if 

B(P’S) 1S a matnx, depleted below’ of a tool’s measured the ?eet includes a small number of optical metrology tools, 
Parameters, Where 5 and P have identical meanings as th A? medians may be preferable over means. HoWever, if the ?eet 

includes a large number of optical metrology tools, means 
30 may be preferable over medians. Alternatively, one of the 

I tools might be designated as a reference tool, and its results 
Field row used as the reference results. Alternatively, the reference 

0 5 0 _5 0 5 5 _5 _5 results may derive from measurements made by completely 
Fidd 001 different tools Which are not part of the manufacturing ?eet. 

35 For example, the CDs above could come from a CD-SEM. 
0 0 5 0 -5 -5 5 5 -5 As ones skilled in the art Will appreciate, the mathematical 

TCD 187.9 196.7 192.8 192.8 190.2 196.4 196.8 194.7 192.6 approaches to deriving and applying the transforms are exem' 
BCD 193.4 203.7 198.9 197.8 196.8 205.3 204.5 202.1 203 Plary only’ and other approaches may be used Several ofthe 
Oxide 343.6 351.4 344.3 345 337.8 342.5 345.6 344.4 326.7 exemplary transforms above are linear transforms that are 
si 11.3 11.2 12.4 12.2 13.1 12.6 121; 129 129 40 optimal in a least-squares sense. While they Were derived 

With the Well knoW pseudo inverse of matrices, other 
approaches are possible. Higher-order methods, such as poly 

AS Can be Seem frOm above, the Values in A and B are nomial transforms are possible, especially With larger train 
different- BA(pA,s):[B(p,s); OneS(1,I1S)] iS the augmented Ver- ing sets. Various matrix decomposition methods can be used 
sion of B With an extra roW of ones. U:A*BA'*inv(BA*BA') is 45 to reduce the sensitivity, for example, to noise in the data, e. g., 
the unit-less transform used to make measurements from this principle-component analysis. Other methods can be used to 
tool agree With the source of the reference pro?le. U is given increase the Computational ef?eieney, for example, neural 
by; netWorks. 

Additionally, the examples provided above described 
50 re?ectivities as a function of Wavelength. As noted above, it 

should be recogniZed, hoWever, that other independent vari 
TCD BCD Oxid? Si 0116s ables (e. g., angle of incidence) and other dependent variables 

TCD 055 055 005 027 _354 (e.g., transmittance, ellipsometric parameters) can be used. 
BCD -0.08 1.01 0.03 0.05 294 Although exemplary embodiments have been described, 
OXide 0-2 —0-12 0-96 —0-05 —1-65 55 various modi?cations can be made Without departing from 
Si 0'16 ‘0'09 ‘0'03 1'01 ‘3'71 the spirit and/or scope of the present invention. Therefore, the 

present invention should not be construed as being limited to 

The rows and Columns are attached to the Various param_ the speci?c forms shoWn in the draWings and described 

eters to be measured, With the last column (Ones) resulting above’ . 
. . 60 We claim: 

from the augmentat1on of B W1th a roW of ones. The column 1 A . . . 
. . . . . method of generating transforms for matching opt1cal 

assoc1ated W1th ones 1s offset for the transform. The diagonal - - 
_ metrology tools in a ?eet of optical metrology tools, the 

values of U are the transform gains for each parameter, and method Comprising: 
the off-d1agonals are cross-parameter correlation terms. a) Obtaining a ?rst Set of measured diffraction Signals, 

The transformed training Set is BZFU’FBA- B” is not an 65 Wherein the ?rst set of measured diffraction signals Was 
augmented set, because of the Way that U is de?ned. B” is 
given by: 

measured using a ?rst optical metrology tool from the 
?eet of optical metrology tools; 
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b) obtaining a second set of measured diffraction signals, 
Wherein the second set of diffraction signals Was mea 
sured using a second optical metrology tool from the 
?eet of optical metrology tools; 

c) obtaining a reference diffraction signal; 
d) generating a ?rst transform based on the ?rst set of 
measured diffraction signals and the reference diffrac 
tion signal; and 

e) generating a second transform based on the second set of 
measured diffraction signals and the reference diffrac 
tion signal. 

2. The method of claim 1, Wherein the ?rst and second 
transforms are linear transforms. 

3. The method of claim 1, Wherein the reference diffraction 
signal is obtained by averaging the ?rst and second sets of 
measured diffraction signals. 

4. The method of claim 1, Wherein the reference diffraction 
signal is obtained by selecting a measured diffraction signal 
measured using one of the optical metrology tools in the ?eet 
of optical metrology tools. 

5. The method of claim 1, Wherein the ?rst transform is 
associated With an application, and Wherein the second trans 
form is associated With the application, Wherein the applica 
tion de?nes one or more fabrication processes and process 
parameters. 

6. The method of claim 1, further comprising: 
storing the ?rst and second transforms, Wherein an asso 

ciation of the ?rst transform to the ?rst optical metrology 
tool is stored With the ?rst transform, and Wherein an 
association of the second transform to the second optical 
metrology tool is stored With the second transform. 

7. The method of claim 6, further comprising: 
obtaining a ?rst measured diffraction signal, Wherein the 

?rst measured diffraction signal Was measured using the 
?rst optical metrology tool; 

obtaining a second measured diffraction signal, Wherein 
the second measured diffraction signal Was measured 
using the second optical metrology tool; 

retrieving the ?rst transform based on the association of the 
?rst transform to the ?rst optical metrology tool; 

retrieving the second transform based on the association of 
the second transform to the second optical metrology 
tool; 

transforming the ?rst measured diffraction signal into a 
?rst transformed diffraction signal using the ?rst trans 
form; and 

transforming the second measured diffraction signal into a 
second transformed diffraction signal using the second 
transform. 

8. The method of claim 7, further comprising: 
determining a ?rst hypothetical pro?le using the ?rst trans 

formed diffraction signal; and 
determining a second hypothetical pro?le using the second 

transformed diffraction signal. 
9. The method of claim 1, further comprising: 
obtaining a ?rst set of hypothetical pro?les; 
obtaining a second set of hypothetical pro?les; 
obtaining a reference pro?le; 
generating a third transform based on the ?rst set of hypo 

thetical pro?les and the reference pro?le; and 
generating a fourth transform based on the second set of 

hypothetical pro?les and the reference pro?le. 
10. The method of claim 9, further comprising: 
transforming the ?rst set of measured diffraction signals 

into a ?rst set of transformed diffraction signals using 
the ?rst transform, Wherein the ?rst set of hypothetical 
pro?les is obtained based on the ?rst set of transformed 
diffraction signals; and 

transforming the second set of measured diffraction signals 
into a second set of transformed diffraction signals using 
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16 
the second transform, Wherein the second set of hypo 
thetical pro?les is obtained based on the second set of 
transformed diffraction signals. 

11. The method of claim 9, further comprising: 
obtaining a third set of measured diffraction signals, 

Wherein the third set of measured diffraction signals Was 
measured using the ?rst optical metrology tool; 

obtaining a fourth set of measured diffraction signals, 
Wherein the fourth set of diffraction signals Was mea 
sured using the second optical metrology tool; 

transforming the third set of measured diffraction signals 
into a ?rst set of transformed diffraction signals using 
the ?rst transform, Wherein the ?rst set of hypothetical 
pro?les is obtained based on the ?rst set of transformed 
diffraction signals; and 

transforming the fourth set of measured diffraction signals 
into a second set of transformed diffraction signals using 
the second transform, Wherein the second set of hypo 
thetical pro?les is obtained based on the second set of 
transformed diffraction signals. 

12. The method of claim 9, Wherein the reference pro?le is 
obtained based on the reference diffraction signal. 

13. The method of claim 9, further comprising: 
obtaining a ?rst measured diffraction signal measured by 

the ?rst optical metrology tool; 
obtaining a second measured diffraction signal measured 

by the second optical metrology tool; 
transforming the ?rst measured diffraction signal into a 

?rst transformed diffraction signal using the ?rst trans 
form; 

transforming the second measured diffraction signal into a 
second transformed diffraction signal using the second 
transform; 

obtaining a ?rst hypothetical pro?le based on the ?rst 
transformed diffraction signal; 

obtaining a second hypothetical pro?le based on the sec 
ond transformed diffraction signal; 

transforming the ?rst hypothetical pro?le into a ?rst trans 
formed hypothetical pro?le using the third transform; 
and 

transforming the second hypothetical pro?le into a second 
transformed hypothetical pro?le using the fourth trans 
form. 

14. A method of matching optical metrology tools in a ?eet 
of optical metrology tools using transforms, the method com 
prising: 

a) obtaining a ?rst measured diffraction signal, Wherein the 
?rst measured diffraction signal Was measured using a 
?rst optical metrology tool from the ?eet of optical 
metrology tools; 

b) obtaining a second measured diffraction signal, Wherein 
the second measured diffraction signal Was measured 
using a second optical metrology tool from the ?eet of 
optical metrology tools; 

c) obtaining a ?rst transform associated With the ?rst opti 
cal metrology tool; 

d) obtaining a second transform associated With the second 
optical metrology tool; 

e) transforming the ?rst measured diffraction signal into a 
?rst transformed diffraction signal using the ?rst trans 
form; and 

f) transforming the second measured diffraction signal into 
a second transformed diffraction signal using the second 
transform. 

15. The method of claim 14, Wherein the ?rst and second 
transforms are obtained from a computer-readable medium. 

16. The method of claim 14, Wherein the ?rst and second 
transforms are linear transforms. 

17. The method of claim 14, Wherein the ?rst transform is 
associated With an application, and Wherein the second trans 
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form is associated With the application, wherein the applica 
tion de?nes one or more fabrication processes and process 
parameters. 

18. The method of claim 14, further comprising: 
obtaining a ?rst hypothetical pro?le using the ?rst trans 

formed diffraction signal; 
obtaining a second hypothetical pro?le using the second 

transformed diffraction signal; 
obtaining a third transform associated With the ?rst optical 

metrology tool; 
obtaining a fourth transform associated With the second 

optical metrology tool; 
transforming the ?rst hypothetical pro?le into a ?rst trans 

formed hypothetical pro?le using the third transform; 
and 

transforming the second hypothetical pro?le into a second 
transformed hypothetical pro?le using the fourth trans 
form. 

19. A system to match optical metrology tools in a ?eet of 
optical metrology tools using transforms, the system com 
prising: 

a ?rst optical metrology tool, Wherein a ?rst set of mea 
sured diffraction signals is measured using the ?rst opti 
cal metrology tool; 

a second optical metrology tool, Wherein a second set of 
measured diffraction signals is measured using the sec 
ond optical metrology tool; and 

a processing module con?gured to: 
a) obtain the ?rst set of measured diffraction signals 
measured using the ?rst optical metrology tool; 

b) obtain the second set of measured diffraction signals 
measured using the second optical metrology tool; 

c) obtain a reference diffraction signal; 
d) generate a ?rst transform based on the ?rst set of 
measured diffraction signals and the reference dif 
fraction signal; and 

e) generate a second transform based on the second set of 
measured diffraction signals and the reference dif 
fraction signal. 

20. The system of claim 19, Wherein the processor is fur 
ther con?gured to: 

obtain a ?rst set of hypothetical pro?les; 
obtain a second set of hypothetical pro?les; 
obtain a reference pro?le; 
generate a third transform based on the ?rst set of hypo 

thetical pro?les and the reference pro?le; and 
generate a fourth transform based on the second set of 

hypothetical pro?les and the reference pro?le. 
21. The system of claim 20, Wherein the processor is fur 

ther con?gured to: 
obtain a ?rst measured diffraction signal measured by the 

?rst optical metrology tool; 
obtain a second measured diffraction signal measured by 

the second optical metrology tool; 
transform the ?rst measured diffraction signal into a ?rst 

transformed diffraction signal using the ?rst transform; 
transform the second measured diffraction signal into a 

second transformed diffraction signal using the second 
transform; 

obtain a ?rst hypothetical pro?le based on the ?rst trans 
formed diffraction signal; 

obtain a second hypothetical pro?le based on the second 
transformed diffraction signal; 

transform the ?rst hypothetical pro?le into a ?rst trans 
formed hypothetical pro?le using the third transform; 
and 
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18 
transform the second hypothetical pro?le into a second 

transformed hypothetical pro?le using the fourth trans 
form. 

22. A computer-readable medium containing computer 
executable instructions to match optical metrology tools in a 
?eet of optical metrology tools using transforms, comprising 
instructions for: 

a) obtaining a ?rst set of measured diffraction signals, 
Wherein the ?rst set of measured diffraction signals Was 
measured using a ?rst optical metrology tool from the 
?eet of optical metrology tools; 

b) obtaining a second set of measured diffraction signals, 
Wherein the second set of measured diffraction signals 
Was measured using a second optical metrology tool 
from the ?eet of optical metrology tools; 

c) obtaining a reference diffraction signal; 
d) generating a ?rst transform based on the ?rst set of 

measured diffraction signals and the reference diffrac 
tion signal; 

e) generating a second transform based on the second set of 
measured diffraction signals and the reference diffrac 
tion signal; 

23. The computer-readable medium of claim 22, further 
comprising instructions for: 

obtaining a ?rst measured diffraction signal, Wherein the 
?rst measured diffraction signal Was measured using the 
?rst optical metrology tool; 

obtaining a second measured diffraction signal, Wherein 
the second measured diffraction signal Was measured 
using the second optical metrology tool; 

transforming the ?rst measured diffraction signal into a 
?rst transformed diffraction signal using the ?rst trans 
form; and 

transforming the second measured diffraction signal into a 
second transformed diffraction signal using the second 
transform. 

24. The computer-readable medium of claim 22, further 
comprising instructions for: 

obtaining a ?rst set of hypothetical pro?les; 
obtaining a second set of hypothetical pro?les; 
obtaining a reference pro?le; 
generating a third transform based on the ?rst set of hypo 

thetical pro?les and the reference pro?le; and 
generating a fourth transform based on the second set of 

hypothetical pro?les and the reference pro?le. 
25. The computer-readable medium of claim 24, further 

comprising instructions for: 
obtaining a ?rst measured diffraction signal measured by 

the ?rst optical metrology tool; 
obtaining a second measured diffraction signal measured 

by the second optical metrology tool; 
transforming the ?rst measured diffraction signal into a 

?rst transformed diffraction signal using the ?rst trans 
form; 

transforming the second measured diffraction signal into a 
second transformed diffraction signal using the second 
transform; 

obtaining a ?rst hypothetical pro?le based on the ?rst 
transformed diffraction signal; 

obtaining a second hypothetical pro?le based on the sec 
ond transformed diffraction signal; 

transforming the ?rst hypothetical pro?le into a ?rst trans 
formed hypothetical pro?le using the third transform; 
and 

transforming the second hypothetical pro?le into a second 
transformed hypothetical pro?le using the fourth trans 
form. 


